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(54) Process for the preparation of a polymeric product with a catalyst consisting of an ion pair 



(57) A catalyst is prepared by combining a first corn- 
pound consisting of a bis(cydcpentadienyf)zirconium 
compound having one of the following general formulae: 



(A-Cp)ZrXiX2 
I 1 

(A-CpjZrX^X^ 
(A-Cp)ZrL 



3. 
4. 



(Cp )(CpR)ZrX2 



X*! and jC 2 fo"n a hyoVocarbocyclic ring containing 
from about 3 to about 20 carbon atoms: and 
R is a substituent on one of the cydopentatfienyt 
radicals which is ateo bound to the zirconium atom. 

With a second compound comprising a cation capable 
of donating a proton and a bulky, labile anion containing 
a single boron atom/and a plurality of aromatic radicals 
capable of stabilizing the zirconium cation formally hav- 
ing a coordination number of 3 and a valence of +4 
which is formed as a result of the combination, said sec- 
ond compound having the general formula: - 



Wherein: 

(A-Cp) is either (Cp)(Cp*) or Cp-A'-Cp* and Cp arxj 
„Cp*_are the.same.or different substituted or-unsub-- 
st'tuted cydcpentadienyf radicals: 
A* is a covalent bridging group; 
L is an olefin, didefin or aryne Hgand: 
Zr is zirconium; 

X, and X 2 are, independently, selected from the 
group consisting of hydride radicals, hydrocarbyt 
radicals, substrtuted-hydrocarbyl radicals, organo- 
metaJioid ratals and the like; 
X, and X* 2 are joined and bound to the zirconium 
atom to form a metallacyde, in which the zirconium. 



rV-HriBAr^XaXJ 



Wherein: 



~V is a neutral Lewis base: 

H is a hydrogen atom; 
(L -Hf* is a Bronsted add; 
6 is boron in a valence state of 3: 
Ar, and Ar 2 ere the same or different aromatic or 
substrtuted-aromatic hydrocarbon radicals which 
may be linked to each other through a stable bridg- 
ing group; and 

X 3 and X 4 are. independently, selected from the 
group consisting of hydride radicals, halide radicals, 
hydrocarbyl radicals, substrtuted-hydrocarbyl radi- 
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cafe. organometaBoid radicals and the like. 

Many of the catalysts thus formed are stable and isofeHe and may be recovered and stored. The catalysts may be pr e- 
tormed and then used to porymerize olefins, cfioJef ins and/or acelylenicaDy unsaturated compounds either alone a in 
combination with each other or with other monomers or the catalysts may be formed in situ during polymerization by 
adding the separate components to the polymerization reaction. The catalyst will be formed when the two components 
are combined in a suitable solvent or diluent at a temperature within the range from about -100°C to about 3WC The 
catalysts thus prepared afford better control of polymer molecular weight and are not subject to equilibrium reversal 
The catalysts thus produced are also less pyrophoric than the more conventional Ziegler-NaHa olefin polymerization 
catalysts. 
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Description 

[0001 ] This a Continuation-ln-Part of U. S. Patent Application Serial No. 008.800. filed January 30. 1 987. 

5 BACKGROUND OF THE INVENTION 

[0002] This invention relates to compositions of matter which are useful as catalysts, to a method for preparing these 
catalysts, to a method of using these catalysts and to polymeric products produced with these catalysts. More particu- 
larly, this invention relates to catalyst compositions, to a method of preparing these catalyst compositions, to a method 
to for polymerizing olefins, ({olefins and/or acetyl enicaJry unsaturated monomers wherein these catalysts are used and to 
homopolymer and copolymer products produced with these catalysts. 

(0003] The use of soluble Ziegler-Natta type catalysts in the polymerization of olefins is, of course, well Known in the 
prior art In general, these soluble systems comprise a Group IV-B metal compound and a metal alkyt cocatatyst. par- 
ticularly an aluminum alkyt cocatalyst. A subgenus of these catalysts is that subgenus comprising a bis{cydopenlaoV 

is enyf) compound of the Group IV-B metals, particularly titanium, in combination with aluminum alkyl cocatalysts. While 
speculation remains concerning the actual structure of the active catalyst species in this subgenus of soluble Ziegler- 
Natta type olefin polymerization catalysts, it would appear generally accepted that the active catalyst species is a cation 
or a decomposition product thereof which win alkylate an olefin in the presence of a labile stabilizing anion. This theory 
may have first been advocated by Breslow and Newburg. and Long and Breslow. as indicated in their respective articles 

20 appearing in J. Am. Chem. Soc.. 1959. VU81.pp. 81-86. and J. Am. Chem See. 1960. \W. 82. pp. 1953-1957. As 
indicated in these articles, various studies suggested that the active catalyst species is a titanium-alkyi complex or a 
species derived therefrom when a titanium compound; viz.. brs<cydopentadieny{) titanium dihalide. and an aluminum 
alkyl are used as a catalyst or catalyst precursor. The presence of tons, all being in equilbrium, when a titanium com- 
pound is used was also suggested by DyachkovsWi. Vysokomol. Soyed.. 1965. Vol. 7, pp. 114-115 and by Dyachto- 

2S vskfi. Shilova and Shflov. J. PorymSd.. Part C, 1967. pp. 2333-2339. That the active catalyst spedes is a cation 
complex when a titanium compound is used, was further suggested by Eisch et al.. J. Am. Chem. Soc.. 1985. Vol. 107. 
pp. 7219-7221. 

[0004] While the foregoing articles teach or suggest thai the active catalyst spedes is en ion pair and. particularly an 
ion pair wherein the Group IV-B metal component is present as a cation or a decomposition product thereof, and while 

30 these references leach or suggest coordination chemistry to tor m such active catalyst species, aD of the articles teach 
the use of a cocatalyst comprising a Lewis acid either to form or to stabilize the active ionic catalyst spedes. The active 
catalyst is. apparently, formed through a Lewis acid-Lewis base reaction of two neutral components (the metallocene 
and the aluminum alkyl), tearing to an equilibrium between a neutral, apparently inactive, adduct and an ton pair, pre- 
sumably the active catalyst. As a result of this equilibrium, there is a competition tor the anion which must be present to 

as stabilize the active cation catalyst species. This equilibrium is. of course, reversible and such reversal will deactivate the 
catalyst Moreover, the catalyst systems heretofore contemplated are subject to poisoning by the presence of basic 
impurities in the system. Further, many. H not aD, of the Lewis acids heretofore contemplated lor use in soluble Ziegler- 
Natta type catalyst systems are chain transfer agents and, as a result, prevent effective control of the product polymer 
molecular weight and molecular weight distribution. Still further, the catalyst systems heretofore proposed do not gen- 

40 eratly fadlitate incorporation of a significant amount of a plurality of different monomers or random Distribution of such 
monomers when used in copolymer ization processes, particularly a olefin copolymerization processes. Still even fur- 
ther, most H not aD. of the metal alkyl cocatalysts heretofore contemplated are highly pyrcphoric and. as a resuH. haz- 
ardous to use. 

(0005] The aforementioned catalyst systems are not highly active, nor or they generally active when zirconium or hai- 
45 nium is the Group IV-B metal used. Recently, however, it has been found that active Ziegler-Natta type catalysts can be 
formed when bistcydepentadienyf) compounds of the Group IV-B metals, including zirconium and hafnium, are used 
with alumoxanes. As is well known, these systems, particularly those comprising zirconium, offer several distinct advan- 
tages, inducing vastly higher activities than the aforementioned bis(cycfopentadieny1)trtanium catalysis and the produc- 
tion of polymers with narrower molecular weight distributions than those from conventional Ziegler-Natta catalysts. 
50 These recen tly developed catalyst systems still yield polymeric products having relatively low molecular weight, how- 
ever. Moreover, these recently developed cataryst systems teveficrt a 

into a copolymer or the relative distribution of such monomer therein. Further, these systems remain subject to poison- 
ing when basic impurities are present and require an undesirable excess of the alumoxane to function efficiently. 
(0006] Bts(cydcpefrtadienyl) hafnium compounds used with alumoxane cocatalysts have ottered few, if any. advan- 
55 tages when compared to analogous brs(cydoperUadienyf)titanium or -zirconium catalysis with respect to catalyst activ- 
ity, polymer molecular weights, or extent or randomness of comonomer incorporation. This has been suggested by 
Gannett'. Micolett). and Mazzochi. J. Pdym So.. Porym. Chem 1 985, Vol. 23. pp. 21 17-2 1 33. who claimed thai the eth- 
ylene polymerization rates of bis(cyctopentadenyf)hafnium compounds were five to ten times slower than those of sin> 
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ilar bis{cyck>pentadienyl)zirconKjm compounds while there was little ditlerence between the two catalysts in the 
molecular weight erf Ihe polyethylene formed from them. European Patent Application No 200.351 A2 (1986) suggests 
thai in the copdymerizaSon ol ethylene and propylene there is tittle differ ence among bis(cyclopentadienyt)titanium, - 
zirconium, and -hafnium compounds ither in polymer molecular weights and molecular weight distributions or in ability 
to incorporate piopyfen randomly. Rec ntly. however. Ewen el at. disclosed inj. Am.Cn m. Sot. 1987. Vol. 109. pp. 
6544-6545. that chiral hatrsum metallocene compounds used with an alumoxane cocatalyst gave isotactic porypropyt- 
ene of higher molecular weight than that obtained &ot analogcxis chhal zirconwm metallocenes. 
[0007] In light of the several deficiencies of the coordination catalyst systems heretofore contemplated, the need for 
an improved catalyst system which: (1) permits better control of molecular weight and molecular weight distribuion; (2) 
is not subject to activation equiltorium and (3) does not involve the use of an undesirable cocatalyst is believed reacfly 
apparent The need for a catalyst system which wiB facilitate the production of higher molecular weight polymeric prod- 
ucts and facilitate incorporation of a larger amount of comonomer into a copolymer and after the relative distrtoution of 
such comonomers in such copolymers is also believed to be readily apparent. 

SUMMARY OF THE INVENTION 

[0008] ft has now been discovered that certain of Ihe foregoing and other disadvantages of the prior art tonic olefin 
polymerization catalysts can be avoided, or at least reduced, with all of the ionic catalysts of the present invention and 
that all of the foregoing and other disadvantages of the prior art ionic olefin polymerization catalysts can be avoided, or 
at least reduced, with certain of the ionic catalysts of this invention and improved olefin, diolefin and/or acetylenicaOy 
unsaturated monomer polymerization processes provided therewith, ft is. therefore, an object of this invention to pro- 
vide improved ionic catalyst systems which are useful in the polymerization of olefins, diolef ins and/or acetylenicalty 
unsaturated monomers. It is another object of this invention to provide a method for preparing such improved catalysts. 
It is a further object of this invention to provide an improved polymerization process using such improved catalysts. It is 
stiD another object of this invention to provide such an improved catalyst which is not subject to ton equilibrium reversal, 
h is still a further object of this invention to provide such an improved catalyst which may permit better control of the 
product polymer molecular weight and molecular weight distribution. It is yet another object of this invention to provide 
such an irnproved catalyst which may be used with less risk of fre. ft is yet a further object of this invention to provide 
certain improved catalysts, particularly certain hafnium containing catalysts, which will yield relatively high molecular 
weight polymers. It is even another object of this invention to provide certain improved catalysts, particularly certain haf- 
nium containing catalysts, which will yield copolymers containing relatively large amounts of a plurality of comonomers. 
which comonomers are distributed in a manner at least approaching randomness. It is even a further object of this 
invention to provide polymeric products produced with these catalysts having relatively narrow molecular weight distri- 
butions and which are free of certain metal impurities. It is still even another object of this invention to provide certain 
porymeric products, prepared with certain of these catalysts, having relatively high molecular weights. It is still even a 
further object ol this invention to provide certain copolymers, prepared with certain of these catalysts, containing rela- 
tively large amounts of a plurality of comonomers. which comonomers are distributed in a manner at least approaching 
randomness. The foregoing and still other objects and advantages of the present invention win become apparent from 
the description set forth hereinafter and the examples included herein. 

[0009] In accordance with the present invention, the foregoing and other objects and advantages are accomplished 
with and by using a catalyst prepared by combining at least two components. The first of which components is a 
bis(cyclopentadienyO derivative of a Group IV-B metal compound containing at least one Bgand which wiD combine with 
the second component or at least a portion thereof such as a cation portion thereof. The second of which components 
is an ion-exchange compound comprising a cation which win if .-everstoly react with at least one ligand contained in said 
f>oup IV-B metal compound (first component) and an anion which is a single coordination complex comprising a plu- 
rality of Epcphific raocals covalentry coordinated to and shielding a central formally charge-bearing metal or metalloid 
atom, which anion is bulky, labile and stable to any reaction involving the cation of the second component The charge- 
bearing metal or metalloid may be any meta) or metalloid capable of taming a coordination complex which is not hydro- 
lyzed by aqueous solutions. Lfpon combination of the first and second components, the cation of the second component 
reacts with one of the figands of the first component, thereby generating an ton pair consisting ol a Group IV-B metal 
. cation with ajpxmalcoortf nation number. of 3 and .a. valence *U44tf*d4he^fbren>ertioned anion; wf^ anion is com-— 
patible with and noncoordinating towards the metal cation formed from the first component. The anion of the second 
compound must be capable of stabilizing the Group IV-B metal cation complea without interfering with the Group tV-B 
metal cation's or its decomposition product's ability to function as a catalyst and must be sufficiently labile to permit dis- 
placement by an olefin, diolefin or an acetylenicatly unsaturated monomer during polymerization. For example. Boch- 
mann and Witson have reported (J. Chem Soc.. Chem. Comm.. 1986. pp. 1610-1611) that 
b^cyclcpentarfienyf)titanium dimethyl reacts with tetrafluoroboric acid to form bis(cydopentadienyt)trtanium methyl 
tetraf luoroborate. The anion is. however, insufficiently labile to be Displaced by ethylene. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0010] As indicated supra, the present invention relates to catalysts, to a method for preparing such catalysts, to a 
method tor using such catalysts and to polymeric products produced with such catalysts. The catalysts are particularly 

5 useful for polymerizing a-olefins, diolefhs and acetytentcally unsaturated monomers either atone of in combination with 
other a-olelins. dioleiins and/or other unsaturated monomers. The improved catalysts are prepared by combining at 
least one first compound which is a bis(cyctopentadienyi) derivative of e metal of Group IV-B of the Periodic Table of the 
Elements containing at least one figand which will combine with the cation of the second compound which first com- 
pound is capable of forming a cation formally having a coordination number of 3 and a valence of +4 and at least one 

10 second compound which is a salt comprising a cation capable of donating a proton which wfll ineversibfy combine with 
said at least one figand (substituent) liberated by said Group IV-B metal compound and an anion which is a single coor- 
dination complex comprising a charge-bearing metal or metalloid core, which anion is both bulky and labile, compatible 
with and noncoordinafing toward the Group IV-B metal cation formed from the first component, and capable of stabb- 
ing the Group IV-B metal cation without interfering with said Group IV-B metal cation's or its decomposition product's 

15 abMy to polymerize a-olef ins, diolefins and/or acetylenically unsaturated monomers 

1001 1 1 AH reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of the Elements, pub- 
lished and copyrighted by CRC Press, inc.. 1984. Also, any reference to a Group or Groups shall be to the Group or 
Groups as reflected in this Periodic Table of the Elements 

[001 2] As used herein, the recitation •compatible non-coordinating anion* means an anion which either does not coor- 
so dinate to said cation or which is only weaWy coordinated to said cation thereby remaining sufficiently table to be dis- 
placed by a neutral Lewis base. The rechatSon "compatible nc>ncoordinating anion" specifically refers to an anion which 
when functioning as a stabilizing anion in the catalyst system of this invention does not transfer ah anionic substituent 
or fragment thereof to said cation thereby forming a neutral four coordinate metal locene and a neutral metal or metalloid 
byproduct Compattole anions are anions which are not degraded to neutrality when the initially formed complex 
ps decomposes. The recitation "metalloid, as used herein, includes non-metals such as boron, phosphorus and the like 
which exhibit semi-metallic characteristics. 

[001 3] The Group IV-B metal compounds; i.e.. titanium, zirconium and hafnium compounds, useful as first compounds 
in the preparation of the improved cataiysl of this invention are bis(cydopentadienyl) derivatives of titanium, zirconium 
and hafnium In general, useful titanium, zirconium and hafnium compounds may be represented by the following gen- 
30 eral formulae: 



1. (A-Cp)MX 1 X 2 
I 1 

3. (A-Cp)ML 

4. <Cp*)(CpR)MX a 



[0014] Wherein: 

45 (A-Cp) is either (Cp)(Cp') or Cp-A-Cp" and Cp and Cp" are the same or different substituted or unsubstituted 
cydopentadienyt radicals wherein A' is a covalent bridging group containing a Group IV-A element: 
M is a metal selected from the Group consisting of titanium, zirconium and hafnium; 
L is an olefin, diolefm or aryne ligand; 

X 1 and X 2 are. independently, selected from the group consisting of hydride radicals, hydroca/byl radicals having 
so from 1 to about 20 carbon atoms, siibstforted-hydrocarbyt radicals, wherein one or more of the hydrogen atoms are 
replaced wfth-a- tetogen^tonviiavirig frcm^ 

Group IV-A element wherein each of the hydxocarby! substitutions contained in the organic portion of said organo- 
metalloid. independently, contain from 1 to about 20 carbon atoms and the like; 

X't and Xj are joined and bound to the metal atom to for m a metaltacycfe. in which the metal atom. X', and X? form 
55 a hydrccaitocyctic ring containing from about 3 to about 20 carbon atoms; and 

R is a substituent, preferably a hydrocarbyt substituent. on one of the cyclopentadienyl radicate which is also bound 
to the metal atom. 



5 



EP0949279A2 



Each carbon atom in the cvdopemadienyt radical may be, independently, unsubstftuled or substituted with the same or 
a difieient radical selected from the group consisting of hydnxarbyl radicals, substituted-hydiocarbyl radicals wherein 
one or more hydrogen atoms is replaced by a halogen atom. hydrocarbyl-subsUtuted metalloid radicals wherein the 
metaDoid is selected from Group IV-A of the Periodic Table ot the Elements, and halogen radicals. Suitable hydrocarbyl 
and subsbtuted-hydrocaibyl radicals, which may be substituted tor at least one hydrogen atom in the cydopertadienyt 
radical, will contain from 1 to about 20 carbon atoms and include straight and branched aJkyt radicals, cydic hydrocar- 
bon radicals, alkyl-substituted cydic hydrocarbon radicals, aromatic radicals and alkyl-substituted aromatic radicals. 
Similarly, and when X, and/or X 2 is a hyrjrocerbyl or substrtuted-hyrjrocarbyl radical, each may. independently, contain 
from 1 to about 20 carbon atoms and be a straight or branched alkyt radical, a cydic hydrocarbyl ratfica), an aJkyi-sub- 
stituted cydohydrocarbyl radical, an aromatic radical or an aDtyHubstituted aromatic radical. Suitable organometaltoid 
radicals indude mono-. <fi- and uisubstituted organometaltoid radicals of Group IV-A elements wherein each of the 
hydrocarbyl groups contain from 1 to about 20 carbon atoms. More particularly, suitable organometaDoid radicals 
include trimethylsilyl. triethylsilyi, ethytfimethytsiryl. rnelhyfdietriytsilyl, biphenyfgermyt, trimethytgermyl and the like. 
|001 5] Illustrative, but not limiting examples of bis(cydcperttadienyl)2irconiurn compounds which may be used in the 
preparation of the improved catalyst of this invention are dihydrocarby^substhuted br^cydor^adienyfjrirccflium com- 
pounds such as bis(cydopentarienyf)zirconium dimethyl bfe(cyctopentadieny1)zfrcorvum diethyl, bis(cydopentadi- 
enyOzirconium dipropyl, bis(cydCf)ertarfenyl)2irconium oTbutyl. bis(cydcperrtadierryl)zirc©riium phenyl, 
bis^cydopentadienyOzirconium dineopentyl. bis^cydrjpentadienyQzirconium di(m-toryl). bis(cydcpenladierryOzirconium 
di(p-totyl) and the Eke; (monohydrocarbyl-substituted cydrjpentadienyfjzirconium compounds such as (methylcyctopen- 
tadienyf) (cyclopentadienyl) and bjs(memytcydcperrt2dierryl)zirconium d methyl. (ethylcydcpentadienyf){cydopemadi- 
enyf) and bis-(ethyicydor^rtadienyl)zirconium dimethyl. (rjrcpy»cydopertarfienyO(cyd()p^ and 
bis{propy1cydoperrladiefTyl) zirconium dimethyl, |(rvbu1yl)cydopentedierryq(cydcpentao5en^ and bis((n-bjty0cydopen- 
tarfienyOzirconium Dimethyl. I(t-rjufyl)CYclcpemac5^ and bis-I(t4xrry0cyclcpentadieny0zirconium 

dimethyl, (cydc^exylmethyk7Clct>erte and bis(cyctohexytmetny1cyclo^ 

dimethyl. {beruylc^^ertadienyO(cyckpemaalenyf) and bis(benzylcydopernadieny02irconium dimethyl, (diphenyl- 
metr>lcyclcpentadienyJ)(cydopentadieny!) and bis(<frphenylmethylcyc^ dimethyl (methytcy- 

clopentaaleny^(cydopentadienyl) and Ws^methylcyctor^rTtate dihydride, (ethylcydo- 

pentadienyO(cyclcpentadienyf) and bis(ethyl(^clopefitadienyl)zirconium dihydride, (propylcydcpentadienyl)(cyclopen- 
tadienyl) and brs(r*cpylcydoperTtadierry^ dihydride, [{rvbutyl)cycJc^ntadienyQ(cyctopertadien^ and bis-[(n- 
t)utyl)cydopertadienyf]zbconium dihydride. [{t-fjuty0cydopenladienyl](cydcpenta^ end bfe((t-butyf)cydopentadi- 
enyl]zirconium dihydride. (cydc^exytmethylcyclcpentad and bis<cydohejrytmethy^doperrtadi- 

enyf)zircontum dihydride. (berizylr^clopentadierryf)(cydct)enladienyQ and bis(benzyk^dcpentadierryOzirccfljum 
dihydride, ((fipherrylrnethytcydoperrtadien^ and bis(dipherTytmethytcydopen^ 

dride and the BKe; (poly hytir oca rbyi-substrtuted cyctaperrladienyi)ziiconium compounds such as {dimetriylcydopentadi- 
erryO(cyclopentadienyf) and bis(dimethylcydoperriadien^ dimethyl, (trimethylcyclo- 

pentadienyl)(cyctopentadienyf) and bis(trimetriy1cydopefTtadienyl)arconium dimethyl, (tetramethyk^dopentadi- 
enyl)(cyctopentadienyf) and bis(te1ramethylcydopemacienyl)2irconium dimethyl, (pefmethykydopentadi- 
enyO(cydopentadienyl) and bis(permethylcydcpemaolenyl)zircor^ dimethyl. (ethyftetramethytcydo- 
pentadienyT)(cydcpentadienyl) and br^ethyttetian^thylcydopemadienyl)2trcofium dimethyl. (indenyD(cydopentadi- 
enyQ and bisfrndenyOzirconium dimethyl, (dIrnethylcyclopertadienM and bis(dimethylcydODefTtadi- 

enyl)zirconium dihydride. {trimetrTylcyc^m2dierryO(cydopem^ienyf) and bfe(trin^thylcydcperrtadienyOzir<x)nium 
dihydride. (tetra/nethylcYdopentadienyty^ and bis^tetamethyteydcperrtadienyOzircoftii^ d hydride, 

{permethylcydcpentadienyl)(cydcpentadie^ and bistpemiethylcydcpentadien^ dihydride. (ethyftetrame- 
Ihyk7clopemarferry0{cydcpentadienyl) and bis<ethyltetamethylcydopent8dien^ dihydride, (inde- 

nylKcyclcpentadrenyl) and bisfindenyQzirconium dihydride and the Gke; (metal hydrocarbyl- substituted 
cydcpentatf enyf)zirconium cornpounds such as (trimethyfsitytr^ctope^ and bisflrimethylsi- 

lytcyctaperitadjenyOzirconium dimethyl, {trimetrrytgem^cydopentatf and bis(trimethylgermyl- 

cydor^ntadienyl)zirconium dimethyl. (trimethylsianrTylcyc^ and bis(trimethyf 

staniiylcyclcpertadienyf)zirconium dimethyl, (trimethy^plumbyl cydc$)entadienylXcyclcpentadienyf) and brs{trimethy<p- 
lumbylcyctopentadienyt^zirconiumdimetr^ (trimettyterylc^^ 

dopemadienyfizlrcoriium dih>^ and bis(lrrme^ermylcydo- 

rjentadierryQzirconium dihydride, (tnmetnylsiarinytcydct>entatf and bis<tjrjneihytstannytey- 

dopemadienyOzircoriium dihydride. (trimelhylplumbylc and bis<tnmethytr*un*ytcy- 

doperrtadienyOitrconiurn dihydride and the Eke: {halogen-substituted cyctopentadienyftzirtonium compounds such as 
(fr'rfluwomethylqfdopen and bis<frriluwomethyteyctopenta^ dimethyl, {tnf- 

luwometfryicyctoperrt^^ and bis(trffUioromethtf dihydride and the 

like: silyl-substituted {cydcperrtadierV)zirconium compounds such as bis(cyclopentarfienyl)zirconium di(tjimethytsflyf). 
bis(cydopentadienyOzirconium di(r^enyldimethylsiryf) and the like: (bridged<ydor^rrtadienyt)zirconium compounds 
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such as methylene bis<cyctopentadienyOzirconium dimethyl, ethylene bi^cyclopertadienyOzirconiimi dimethyl cfimeth- 
yfeflyl bts(cydopentadienyl)ziroonium dimethyl, methylene be(cydopentacfienyf)2ircoriium dihyrfride and dimethylafyf 
bis{cyctcpentadienyl)2irconium dihydride and the like; bis(cydopentad'»eny1)zirconacydes such as bis(pentamethy1CY. 
ciopentadienyOzriconacydobulane. bis(perTtamethytcyctopentatf enyOzii^cydoperrtane. bts(cycJopentadienyOzira>- 
naindane and the like; oletin. cf olefin and aryne Bgand substituted t»s(cydcpentadteny02iiconium compounds such as 
bis{cyctapentadienyl)(1 ,3-totatf enejzir ccnium. HsCcydcpentadi^ bis(perv 
tamethylcyclopentaojenyO(bera and the Cke; (hydrocaibyf)(hydide)-substtuted bis(cyclopentadienyl)zir. 

conium compounds such as bisuoenlamelhyt^^ (phenyl)(hydiide). bis(pentamethylcyc!o- 

peiitadienyOiircortum(methyO(hydride) and the like; and bis{cydcpentad5efiyl)iirconium compounds in which a 
. substrtuent on the cyclcpentadienyf radical is bound to the metal such as (pentamethytcyctopen. 
tadenyO(tetrarnethy^ hydride, (pcntameOiytcydo-pentadienyn(tetram^ 

dopentadienytmethylene)zirconium phenyl and the tike. 

[0O16J A similar list oi illustrative Ks(cydcpemadienyl)haWum and t^cyf^pert^B^Bnum compounds could' 
be made, but since the lists would be nearly identical to that already presented with respect to bis(cyclcpentadienYl)zfT- 
coroim compounds, such fists a/e not deemed essentia) to a complete disclosure. Those stoUed in the art however are 
aware that bis|cyctopeniadienyl)hafnium compounds and bis{cyclopentadienyl)trtanium compounds corresponding to 
certain of the bis(cycJcpentadienyl)zbconium compounds listed supra are not known. The lists would therefore be 
reduced by these compounds. Other r^{cyclC5)erTladieny0hafnium compounds and other bs(cyclopentadienyOtitarium 
compounds as well as other ris(cydcpentadienyt)zirconium wmpounds which are useful in the catalyst compositions 
dttis inventionwiB. of course, be apparent to those stalled in foe art F 
(00171 Compounds useful as a second component in the preparation of the catalyst of this invention will comprise a 
cabon. which rs a Bronsted acid capable of donating a proton, and a compatible noncoordlnating anion containing a sin- 
gle coordination complex comprising a charge-bearing metal or metalloid core, which anion is relatively large (bulky) 
capable of stabilizing the active catalyst species (the Group IV-B cation) which is formed when the two compounds are 
combined and said anion win be sufiiciently labile to be displaced by olefin*, dioletinic and acetytenically unsaturated 
substrates or other neutral Lewis bases such es ethers, nitriles and the like. As indicated supra, any metal or metalloid 
capable of forming a coordination complex which is stable in water may be used or contained in the anion ofthe second 
compound Suitable metals, then, include, but are not limited to, aJuminum. gold, platinum and the like Suitable metal- 
loids include, but are not limited to. boron, phosphorus, silicon and the Gke. Compounds containing anions which com- 
prise coordination complexes containing a single metal or metalloid atom are. of course, wefl known and many 
particularly such impounds containing a single boron atom in the anion portion, are available commercially fn Dght of 
this, salts containing anions comprising a coordination complex containing a single boron atom are prefened 
10018] In general, the second compounds useful in the preparation of the catalysts 01 this invention may be repre- 
sented by the following general formula: 



10019] Wherein: 



L* is a neutral Lewis base; 
H ts a hydrogen atom; 
(L'-Hjfea Bronsted add: 

M' is a metal or metalloid selected from the Groups subtended by Groups V-B to V-A of the Periodic Table of the 
Elements; ie.. Groups V-B. Vl-B. Vll-B, VIII, l-B, ll-B, Itl-A, IV-A, and V*A; 

O, to Q n are selected, independently, from the Group consisting of hydride radicals, cfialkylarnido radicals alkoxide 

and arytoxjde radicals, bydrocarbyt and substituted-hydrocarbyl radicals and organometalloid radicals and any one 

but not more than one. of O, to O n may be a hafide radical • the remaining Q, to Q n being, independently selected 

from the foregoing radicals; 

mis an integer from! to 7; 

n is an integer from 2 to 8; end 

n-mod. 



Second compounds comprising boron which are particularly useful in the preparation of catalysts ol this invention mav 
be represented by the tonowino oeneral formula- 7 



e represented by the following general formula: 

[L'-HHBA^ArjXaXj 

[0020] Wherein: 
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l.- is a neutral lewis base; 
His a hydrogen atom; 
|L - -H)* is a Bronsted add; 

B is boron in a valence state of 3; 

, Ar, and Ar, are the same or different aromatic « s^tuted-aromatic hydrocarbon radicals containing from about 
6 lo about 20 carton atoms and may be linked to each other through a stable i bridging group; and 
X, and X, are radicate selected. mdependently. horn the group consisting of hydrrie radtofc. hafde a** «ft 
^cv^^.c^X^X.-fflbehatibeatthesametme. hydrocartyt radicate coning Iron, 1 no ^boul 20 
cXatoms.sut^tuted-hydrocarby1 radicate, wherein or» or nnored the nydrogenatormrs replac^aldo- 
. *om S» carton atom, hydroc^subsiued mete. (o-^M^cate 

wTerein each hydrooarbyl substitution contains from 1 to about 20 carbon atoms and sard metal * selected horn 
Groip IV-A ol the PeriocSc Tatfe of the Elements and the Ore. 
hnonaalAi artl Ar, may mdependertty. be any aromatic or subslituted-aromatic r^drocarbon radical containing 

■rtm£* radicate. Suitable substituems on useful subsftuied-erornalic hydrocarbon radicate, m^twl arena 
bydrocarby. radicate. «,gar»metanoid radicals, efcox, racticate. rtrytan^^te^ ,«* 
S^ft* -ad-cTarO the Eke such as those useful as Xj or X«. The subvert maybe ortha mete or para 
SSh carbon atom bonded to the boron atom. When either or both X 3 and X, are a hydrccart* rarteal. each 

* 1 be TJL or a different aromatic or substitoted-aromatic radical as are Ar, and Ar 2 . or thesame maybea 
SV^edatM-al^oralkyr^ratW 

S ^^roTabout Mo about 8 carbon atoms or an a0ry.-substi.u1*) cyc*c hydrocarbon ratol tavjng from about 
^^Tarbon a.om, X 3 and X. may atea indeed*, be atkoxy or «rntfo radicals •» 
■ oortonoVsaid alkoxy and olatkylamido radicals contains from 1 to about 20 carbon atoms. hy*ocarbyl rad«ate and 

* oT^meSoa radiate havingVom 1 to about 20 carbon atoms ar* me tike. As Seated supra. Ar, and Ar 2 may be 
Sr^ch rtrTamterti o, both of Ar, a«) Ar 2 could be Hnked lo either X 3 or X,. finally. X 3 and X, may 
also be linked to each other through a suHable bridging grap. 

Si] Zrative. but no. S axarrp.es of boon corpconds wh*h may be used as a ^ C°n^jnjhe 
proration of the irrprcved catalysis ot this invention are ^substituted ammonium ^ ^ a ^ leU f 

,o rtuT ena^enyl)taon. oipcpylarnrrpnmm tetia(pheny1)bo.on. Nrvbu^ammoruum »(p^m tnrnethyl- 
Z^um tetrate-tcXron. trimethylammonium te*a(o-tolyl)bo.on. trixrtylammormjm 
,Z«mafb^enyI)bc,on. tprcpyterrmxnium teMc.P^thylphenytJbcron. tr^mnt^ tetia(mm- 
otXX^^ti^^^ letralp-Wtoorw^rVpr^lbomn. bibutytemmonium Ku^Utoiophe- 
ttw^ .eta(o-tc.y.)bo-cn art. the ifce; N.N-ctalkyl ar*n=um sahs such as N.N4m*^ 

3$ N.N^edtylar.Trtum tetafer^co. N.N-2.^ame^r* OT .etia.pto^ 

andthe liSy. armarium salts such as dir,^cptfammon,um ,ena(pentatacphenyl^on. ^* h «V~ 
nltet,a(phen^boron arxl the tike: and triaryl phospr^um safe such as triphenylp^ 

MM Jsteol suitable compounds containing other metals and metallods which are useM as second com 
„ ' ^ couid be made, but such lists are not deemed necessary to a complete dtedosure. In this regard, itshoub be 
r«rtha^he foregoing ttet te no. Wended to be exhaustive ar1ome.bc.on compounds that woukJbe useful as wefl 
as^compc^^ 

tions. to those skilled in the art 

.00231 * general, and wWe mosl lir^l components identic above may be cxvrbrr^d wrth mostsecond 

« SdentSied above to produce an active otelm polymerization catalyst it is '^^T^J^Z^ZT^ 
.ions thai either the metal cation initially formed from the firs, corrponenl or a ^"f^?^^^^* 
tively stable catalyst » is also important ftat the anion of the second compound be SaMe ^'^ ^an 
arrcneriurn salt is used. Further, it is important that the acidity d the second exponent be suH«ert. rebuve . . fte 
to. to ladBtale the needed proton transfer. Conversely, the basicity of the metal complex must el^besuHoertlobcil 

so .dee ded p-oton tre^r. Certain metelfccene o^xxxnds - ^^^^^^ 

— aHSffiyTasis^^ 



dimethyl as an illustrative, an noi imrang „~ „ ^ n ~. hfcrrvrbv^iia*- 

a«j thus are not suitable as first components to form the catalysis ot tros -nventonjn general, 
enyftmetat compounds which can be hydmlyied by aqueous solutions can be considered surtaNe as tet components 



to totmthe catalysts described nerein . 
100241 Wih respect to the conPination of first (metal-containing) component to second component totorma cawtysi 
ol this invention. H should be noted thai the two compounds combined to, preparation of the aet«e J"f^ 
selected so as to avert transfer of a fragment ot the anion, particularly an aryt grotp. to the metal cam thereby form- 
ing a catolyticatly iraaive spedes. Thte be done by sterte 
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tadienyl carbon atoms as wen as substitutions on the aromatic carton atoms ol the anion, ft follows men that metal 
compounds (lirst components) comprising perhydrccarbylsubstituted cyclopentadienyl radicals could be' effectively 
used with a broader range of second compounds than could metal compounds (frst components) comprising unsub- 
sttuted cyclcpentad.enyl radicals. As the amount and size of the substitutions on the cydcpentadienyl ratfcals are 
reduced, however, more effective catalysts are obtained with second corrpounds containing anions which are mor 
resistant lo degradation, such as those with subsfituents on the ortho posrtions ot the phenyl rings. Another means of 
rendering the emon more resistant to degradation is afforded by fluorine substitution, especially rjeriluoro-subslftution 
in the anion Fluoro-substituted stabilizing anions may. then, be used with a broader range ot metal compounds (first 
components). 

[0025] In a further aspect of the invention, there is provided an organometalBc compound represented by one of the 
following general formulae : 

|(A-Cp)MX t J J(Mr t O|Cfe...OJ* y 
l(A-CWMX,Ll d KMr f 0 1 0 2 ...O n J d - 2 . 

[0026) Wherein: 

M is a metal selected from the Group consisting of titanium, zirconium, and hafnium- 

(A-Cp) is ether (Cp)(Cp") or Cp-A'-Cp* and Cp and Cp- are the same or different substituted or unsubstiruted 
cyclopentadienyl radicals: 
A' is a covatent bridging group; 

X, is selected from the group consisting of hydride radicals, hydrocarbyl radicals; substrtuted-hydrocarbyl radicals 
ororganometanoid radicals; Lis a neutral Lewis base; 
25 M- is a metal or metalloid selected from the Groups encompassed by Groups V-B to Vl-A of the Periodic Table of 
the Elements; ie.. Groups V-B, Vl-B. Vll-B. VIII. I-B. IIB. Ill-A. IVA and V-A; 

0, toO n are selected. independerrfjy, Ire™ me Grou^ altoxWe 
and aryloxide radicals, hydrocarbyl and substrtuted-hydrocarbyl radicate, and organometafloid radicals' and any 
one. but not mor e than one. of the O, to 7 
» 0 o may be a haSde radical - the remaining 0, to Q 0 being, independently, selected from the foregoing radicals' 
mrsanmtegerfromtto7; v 
n is an integer from 2 to 8; and 
n-med. 

" i 00271 - u h the **** ™ * ******* by comb,nin 9 *° components in a suitable sorvent at a tempera- 

ture within the range from about -10Q-C to about 300-C. The catalyst may be used to polymerize olefins and/or acet- 
ylenicany unsaturated monomers having from 2 to about 18 carbon atoms and/or tfrolefins having from 4 to about 18 
carbon atoms either alone or in combination. The catalyst may also be used to polymerize c-olef ins, dolef ins and/or 
acetylenically unsaturated monomers in combination with other unsaturated monomers. In general, the polymerization 

40 may be accomplrshed at conditions well know* in me r*or art itwiB.of course, be appreciated that the catalyst system 
w^insTturfthec^ 

eni. mcludmg condensed monomer, is used in said polymerization process. H is. however, preferred to form the catalyst 
in a separate step in a suitable sorvent prior to adding the same to the pdymerizafon step. While the catalysts do not 
contain pyiophonc speaes. the catalysts* components are sensitive to both moisture and oxygen and should be nan- 
45 dledandtransfenedmanmertatri^ 

[0028] As indicated supra, the improved catalyst of the present invention will, preferably, be prepared in a suitable 
sorvent or diluent. Suitable solvents or diluents include any of the sorvents known in the prior art to be useful as solvents 
■nthepolymerizabonofd^ indude ^ 

are not necessarily limited to. straight and branched<hain hydrocarbons such as isobutane. butane, pentane hexane 
heptane, octane and the like; cyclic and alicycfic hydrocarbons such as cyctohexane. cyctoheptane. rnethylcyclohex^ 
^e.mejhytcydDte^ — 

ene. xvlpnfl and thn HiUo QnH^Ja <-^,„~*^ .u.: r~ . . . 



50 



ene xylene and the like. Suitable sorvents also include liquid olefins which may act as monomers or comc^orners 
including ethylene, propylene, butadiene, cydopenlene. 1 -hexane. 3-methyM-pentene. 4-methyM-pentene. 1 4-hexa- 
diene. 1-octene. 1-decene and the like Suitable sorvents further include basic sorvents not generally useful as porym- 
enzatjon sorvents when conventional Ziegler-Natta type polymerization catalysts are used such as chjc*cber*ene 
10029] Wh,le the inventors do not wish to be bound by any particular theory, it is believed that when the rwo com- 
pounds used to prepare the improved catalysts of the present invention are combined in a suitable solvent or effluent 
aB or a part of the cation of the second compound (the acidic proton) combines with one of the subsfituents on the metal 
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10032] As indicaied supra, most first compounds identified above will combine with most second compounds identj. 
fied above to produce an active catalyst, particutarfy an active polymer ization catalyst. The actual active catalyst spe- 
cies is not. however, always sufficiently stable as to permit its separation and subsequent identification. Moieover, and 
while many of the initial metal cations formed are relatively stable, it has become apparent that the initially formed metal 
cation frequently decomposes into one or more other catafyticalry active species. 

10033] While stiD not wishing to be bound by any particular theory, h is believed that the active catalyst species which 
have not been characterized, including active decomposition products, are of the same type as those which have been 
isolated and fuOy characterized or at least retain the essential ionic structure required tor (unctioning as a catalyst More 
particularly. H is believed that the active catalyst species which have not been isolated. inclucHng active decomposition 
products, are the same type as the isolated and characterized active catalyst species in that the these species contain 
a bs{cyclcpentadieny1)metal center which center remains cationic. unsaturated and has a metal-carbon bond which is 
reactive with olefins, diofef ins and acetylenicady unsaturated compounds. Furthermore, ft is believed that the decompo- 
sition products may read with hydrogen gas to enter into a common state of equilibrium involving the cationic hydride 
complex, lCptfoMH|*X\ 

[0034] This behavior is best exemplified in a peralkylcy^ntadienyl system wherein a tetraphenyJ borate is used as 
the second component. For example, the reaction of Cp'^rMej (where Cp* o CJ*e$ and IBu 3 NHT[B{Ph' 4 )nwhere 
Ph' = phenyl or para-alkyljphenyl with hydrogen or an atkyl group in the para -position) in toluene gives 
ICp'jZrMeJWh'M' which is unstable and decomposes by loss of methane to give a single catalytically active prod- 
uct. The deep red product has been fully characterized by NMR spectroscopy and single crystal x-ray diffraction The 
general structure of this zwiflerionic catalyst of this type is shown below: 



[0035] Wherein: 

Cp* is a peralkyl-subsftuted cydcpentadienyl radical wherein each of said alkyt substitutions may be the same or 
a different C r Cj 0 alkyt radical, preferably the same or a different C r Cs alkyl radical, most preferably the same or 
a different C^alkyl radical; 
B is boron: 
Zr is zirconium; 

Ph* is a phenyl or alkyl-substituted phenyl radical and each of the 3 Phs may be the same or different and the alkyl 
substitutions may be C,-C 14 . preferably C-Cg. most preferably C,^; and 

R is hydrogen or an alkyt group having from 1 to about 14 carbon atoms, preferably from 1 to about 6 carbon atoms 
most preferably from 1 to about 4 carbon atoms. 

Addition of excess hydrogen gas to a toluene solution containing the above- identHied permethyt-substftuted cyctopen- 
tadienyl zwitterionic catalysl causes a rapid reaction as evidenced by a color change from red to yellow, and. in concen- 
trated solutions, the formation ot a yellow preciprtale. Removal of hydrogen from the system regenerates the original 
zwitterionic catalyst in high yield. While not wishing to be bound by any theory, it is believed that the reaction of hydro- 
gen wi th the zwitterionic catalyst leads to the formation of jCp'gZrHTfBtPh^r. The reversible nature ot this reaction 
along with other spectroscopic evidence suggests that the hydride catioTTrslnclrem^ 
species. 

10036] Consistent with the foregoing, stable polymerization catalysts have been prepared when bis(pemethy1cy- 
dc^madienyOzirconrum dimethyl has been reacted with tri(n4xjtyl)-amrnonium letra(phenyl)boron. tri(n-buryf)ammo- 
nium tetra(p-tolyt)boron and m{n-butyl)ammonium tetrai>etriYlpherryOboroa A stable polymerization catalyst has also 
been prepared when bis(ethyhetramethyl^ dimethyl was reacted with tri{n.butyt)arnmonium 

tetrar> toryQboron. | n each of these cases, the stable polymerization catalyst was prepared by adding the reactams into 
a suitable aromatic solvent at a temperature within the range from about 0°C to about 100°C Based on tNs and other 



B(Ph l ) 3 
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information available to the inventor. H appears dear that stable zwitterionic polymerization catalysts can also be pre- 
pared using bis{perhydF«arbyk7Clopert and dihydrides in combination with ammonium salts 
of an unsubsb'tuted or p- substituted- tetra(aryl)bor on anion. 

[0037] In general, the stable catalyst formed by the method of this invention may be separated from the solvent and 
stored tor subsequent use. The less stable catalyst, however, will, generally, be retained in solution until ultimately used 
in the polymerization of olefins, diolef ins and/or acetylenicaBy unsaturated monomers. Alter natively, any of the catalysts 
prepared by the method of this invention may be retained in solution fa subsequent use or used directly after prepara- 
tion as a polymerization catalyst Moreover, and as indicated supra, the catalyst may be prepared in srtu during a polym- 
erization reaction by passing the separate components into the polymerization vessel where the components will 
contact and react to produce the improved catalyst ol this invention. 

(0038) When the ratio ol firs! compound to second compound is 1.1. at concentrations below about 10 5 M, the catalyst 
is often not active for olefin polymerization. While the inventors do not wish to be bound by any particular theory. H is 
believed that adventitious oxygen or moisture in the diluent or monomers may deactivate the catalyst. When the ratio of 
the first compound to the second compound is 2:1 to 10:1 or more, however, concentrations of the second component 
can be as low as about tO^M. 

[0039]. When first compounds containing hafnium are reacted with second compounds containing a metal or a met- 
alloid such as boron and a less acidic ammonium cations - using tii(n-rjuty1)amrroruum tetrakis(pemafruofOphe- 
nyt)boron as an example • and the catalyst therefrom is used in the polymerization process of this invention, induction 
periods of about 1 to about 15 minutes or more can be observed before the uptake of monomer begins. This phenom- 
enon is most pronounced when the concentration of the hafnium compound rs below about lO^M and that of the sec- 
ond component is below about 10 ,5 M; higher concentrations of catalyst solution often show no induction period. It can 
afso be observed when first compounds containing zirconium are used when the concentration of the second compo- 
nent is about 10/* M or less. While the inventors do not wish to be bound by any particular theory, it is believed that the 
catalyst species formed decomposes in the polymerization process to form a catalyticalty inactive metal-containing 
compound and regenerating either the same or a different second component This new second component activates 
any excess first component present to regenerate the active catalyst species of the present invention. While still not 
wishing to be bound by any particular theory. H is believed that increasing the concentration of the catalyst or using sec- 
ond components containing mote acidic ammonium cations will either diminish the length of this induction period or 
eliminate it completely. 

[0040] tn general, and as indicated supra, the improved catalyst of this invention will polymerize olefins, diolefins 
and/or acetyl enitafiy unsaturated monomers either alone or in combination with other olefins and/or other unsaturated 
monomers at conditions weO known in the prior art for conventional Ziegler-Natta catalysis. In the polymerization proc- 
ess of this invention, the molecular weight appears to be a function of both catalyst concentration and polymerization 
temperature and polymerization pressure. The polymers produced with the catalyst of this invention, when prepared in 
the absence of significant mass transport effects, wilt, generally, have relatively nanow molecular weight distributions. 
[0041 J Certain of the catalysts of this invention, particularly those based on hafnocenes - using the catalyst produced 
from the reaction of bis(cyctoperrtadieny1)hafnium dimethyl and the trisubslituted ammonium salt of tetra(pentaf luoroph- 
enyf)boron as an example - when used as described herein tor the polymerization and copolymer Nation of o-oleiins. 
diolefins. and/or acetytenicalry unsaturated monomers, in the absence of a chain transfer agent, can lead to the produc- 
tion of extremely high molecular weight polymers and copolymers having relatively nanow molecular weight distribu- 
tions In this regard, it should be noted that homopotymers and copolymers having molecular weights up to about 2 x 
10 6 and molecular weight distributions within the range of about 1 .5 to about 15 can be produced with the catalysts of 
this invention. The substituents on the cyclopentadienyf radicals, however, can exert a profound influence on polymer 
molecular weights. 

[0042] Catalysts of this invention containing a first component which rs either a pure enantiomer or the racemic mix- 
ture of two enantiomers of a rigid, chiral metallocene can polymerize prochira) olefins (propylene and higher a -olefins) 
to isotactic polymers. 6ts(cyclopentadienyi)metal compounds in which each of the cyclopentadienyt radicals is substi- 
tuted and containing a covalent bridging group between the two cydopentadienyt radicals are particularly useful for iso- 
tactic polymerizations of this type, 

100431 A particular ly surprising-feature of some of the catalysts of this invention, particularly those based on haf- 
nocenes in combination with a second component comprising boron, is that wnen the catatysts oJ tnisinverrtion^re 
used to copoiymenze a -olefins, either alone or in combination with diolefins. the amount of higher molecular weight ole- 
fin or diolef in incorporated into the copolymer is signif icantly increased when compared to copolymers prepared with 
the more conventional Ziegler-Natta type catalysts and bis(cydopentadienyl)zirconium catalysts. The relative rates of 
reaction of ethylene and higher a-olelins with the aforementioned hafnium-based catalysts of this invention are much 
closer than with conventional Ziegler-Natta catalysts oi the Group IV-B metals. The monomer distribution in copolymers 
prepared with the catalysts of this invention, particularly with the lower c-def ins and lower diolefins. will range from near 
perfectly alternating to statistically random 
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three times with ?o ml of pentane and dried in 



wherein Me is a methyl radical. 
" EXAMPLE? 



10051) 
to 20 ml c 



P-essure whSe mainlaining 
» ^as,* a ^^^^^ 

EXAMP1 F a 

10052] In this example ethvleno wa* ~j. - _^ 

EXAMPt F 4 

IW53] In this example, an active, isolate oMin rw • . 

Mn-butyOammonium tetrafc-lolynborwh 50 rtfT^*** 0 ' 1 cala ^ ^ by first suxoendina n 7, ^ 



B(p-tolyl) 3 



CH 3 



50 



wherein Me is a methyl radical. 
EXAMPl F * 
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in Example 4 in 100 ml erf toluene in a Fisher-Porter glass pressure vessel, heating the solution to 80*C and then pass- 
ing ethylene into said solution at 40 psig tor 20 minutes. 2.2 g ol polyethylene were obtained and the average molecular 
weight of the polymer was 57,000. The polymer had a potyrf spersity oi 2.5. 

5 EXAMPLE 7 

10056] In this example, ethylene and acetylene were copofymerized by dissolving 0.05 g ot the orange precipitate Irom 
Example 4 in toluene and then adding 2 ml ot purrtied acetylene at atmospheric pressure in an NMR tube. An immedi- 
ate color change from orange to yellow was noted. After live minutes, 5 ml ol ethylene at atmospheric pressure were 
to added to this mixture and an immediate exotherm was observed as was polymer formation. 

EXAMPLES 

(0057] In this example, an active isolable olefin polymerization catalyst was produced by first suspending 0.56 g of 
rs tri(n^xjty0ammonium tetra(o-toryl)boron in 50 ml ol toluene and then adtf ng 025 g of b'^cyclopentacJenylJzirconium 
dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour an insoluble yetow precipitate separated 
from an orange solution. The yellow precipitate was isolated by filtration, washed three times with 20 ml of pentane and 
dried in- vacuo. 0.26 g of the yellow precipitate were recovered. 

SO EXAMPLE 9 

10058] In this example, excess ethylene was added at atmospheric pressure to a portion of the orange mother liquor 
from Example 8 in a 100 ml side armed flask and polyethylene formed. Ethylene was also contacted with a portion ot 
the yellow precipitate, which precipitate was suspended in toluene in a 50 ml side armed flask and again polyethylene 
25 was formed. 

EXAMPLE 10 

[0O59J tn this example, an active, isolable olefin polymerization catalyst was produced by first suspending 1.20 g of 
30 tji(n-butyl)ammonium tetra{p-ethylphenyf)boron in 50 ml of toluene and then adding 0.76 g of bis(peniamethylcycloperv 
taderwQzirroruum d methyl. The mixture was stined at room temperature for 1 hour. After 1 hour, the reaction mixture 
was evaporated to dryness. The crude orange solid, which was produced, was recrystaffized from hot toluene lo give 
1.0 g of orange-red crystals. A portion of this product was analyzed and confirmed to be an organometaflic compound 
having the following structure: 

35 

B(p-ethyJ phenyl >3 

♦ 

40 <C5Me 5 ) 2 Zr 



CH 3 CH 2 

45 

wherein Me is a methyl radical. 
E)(AMPU; 1 } 

so 

{0060J- Jn this.£xaj^ 

toluene and then placing the solution in a steel autoclave under nitrogen pressure. Ethylene at 100 psig was then intro- 
duced into the autoclave end the autoclave heated to 80°C with agitation. After 10 minutes, the reactor was vented to 
atmospheric pressure and opened. The yield of linear polyethylene was 27 g having a weight average molecular weight 
55 of about 52.000. 
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EXAMPLF 1? 
[0061) 



10 

» coded to -30-C and 0.50 g % ^^Z^IT^ 3 '' 0 ,S " io "'~ Thesofcrfon was L 
l«n mbrtute by (Bratioa The mJ^u^^JZI if 110 " p,ectprta,e ■** "P«raM fcom a purple re9C . 

'^«a<e..hepu.p^ 

„ a ^'*p«^p<«* e ^^ 

EXAMPLE M 

■tar 20 nftu.es al room .enperatuTrhe rea«^«ure^ s ,^r^t!° ,np,e,e ^ * S ™ n9 ma,eri * 
ene. and f-aeed in 50 ml side armed flasks E^enetlsT^^t,. , w*h 20 rrtWu- 

pdymeroalonwas observed in bothcaseT * °" e P °" ,0n and p,0 * ,ene *> •» other. Rap« 

a> EXAMPLC 15 

"tfto*****"*^^ » « (Penten^m^cydopemadi. 

green homogenous solution. The reaction mixture waTd,^ in-«n n ' empe,a,u,e to '« ^ to give a bue- 
solved inlOO ml ol toluene. The resuft^X'en^b^ " ashed w,m 30 ml ol pernane. and then ,ed*. 

I.Sam^esc.em^ne.AnimTedle^eTm^ 

The yield ol polyethylene was 4.5 g afle, IS S ^ me ' w ^ observed ^ ensure ol ethytene. 



EXAMPI F ifi 



eny))(cydcper«adie^)»con, U m dimethyl There^oTwas^,^ ' 

dried irvvaas to ghn a g, ew gtessy ^ ^ £"?* e a * e ' 30 mmu,es - 9-een sdufen was then 

^imems. the Muene exj J eW to 20 rt ^ ^ - 

each case stream pdymercafcn e^wa^ ^ a * <° a m«t,e ot ethytena arx, propylene. In 



EXAMPLF 17 



ted^Honiumdmlhyl Thereacfcn ve^ Twas^o^!! and ^dd.ngO lOgrtois^ameirvlcyclbpen. 
Afle, 10 minutes the reacL ^B^^Z^^IT^ and sft,ed 81 «»• '"'Mature. 
enea*sor,ed vigorously. R^po^KSS^SS! p,esS0 ' ued " ith, -5 *"«*eresof efl*- 
temperature (ftom ,00m lenperaCtoa I^VO^^^T^^ 
.eaction vessel was vemedarrtmelh^ 

3.7 g. * TO f the stll active catalyst The yield of tnear polyethylene was 
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B(p-tolyl) 3 

(C 5 EtMe4) 2 2r 



CH 3 



wherein Et is an ethyl radical and Me is a methyl radical. 
EXAMPLE 23 

[00721 In this example. 0.05 g of the orange precipitate produced in Example 22 was dissolved in 2 ml of deuterotol- 
uene and placed in a 5 mm NMR tube and capped with a rubber septum Ethylene {2 ml at 1 atm) was added via syringe 
and immediatefy polymerized. 

EXAMPLE 24 

10073] In this example, ethylene and 1 -butene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry oxygen- 
free hexane, 40 ml of a toluene solution containing 4 mg of bis(cyclopemac5enyl)2irconium dimethyl and 12 mg of tri(rv 
butyt)arnmonium lefraKsrjxrTlafruoroph^ 1 -butene (200 ml) was added to the autoclave, which was further 

pressurized with 65 psig of ethylene- The autoclave was stirred and heated for 7 minutes at 60*. The reactor was vented 
and cooled and the contents dried. The yield of copolymer isolated was 92 g. The weight-average molecular weight of 
the polymer was 108.000 and the molecular weigtt distribution was 1.97. A awnpositional disirfoution analysis indi- 
cated a breadth index of 88%. 

E-XAMPIE25 

[0074) h this example, ethylene and 1 -butene were copofymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry. oxygen- 
free hexane, 40 ml of a toluene solution containing 4 mg of bis(cydopertadienyOzirconium dimethyl and 12 mg ol tri(rv 
butyljarnmonium tetalds(r^ntafluorophenyfjboron. 1-butene (200 ml) was added to the autoclave, which was further 
pressurized with 65 psig of ethylene. The autoclave was stirred and heated at 50° tor 10 minutes. The autoclave was 
vented and cooled and the contents dried. The yield of copolymer isolated was 7.1 g. The weight-average molecular 
weight of the polymer was 92.000 with a molecular weight distribution of 1 .88. Analysis by 13 C NMR spectroscopy indi- 
cated a reactivity ratio (r^ of 0.145. 

EXAMPLE 2§ 

[0075J In this example, ethylene and 1-butene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml ol dry, oxygen- 
tree hexane. 25 ml of a toluene solution containing 9 mg of t)is|(t-buty0cyclc^ntacnenYf}2rfConium dimethyl and 2.9 mg 
of N.N-drmethylanflrmum Ietrakrs(penta1bofoc^eny^)toron. 1-butene (100 ml) was added to the autoclave, which was 
further pressurized with 65 psig of ethylene. The autoclave was stirred and heated at 50° for 1 hour. The autoclave was 
vented and cooled and the contents dried. The yield of copolymer isolated was 27.2 g. The weight-average molecular 
weight-oMhe^yrra-^ of the oorrTposHkxvdistribution 

indicated a median comonomer content of 6.3 mole% and a breadth index of 81%. 

EXAMPLE 27 

[0076) In this example, a stirred 100 ml steel autoclave reaction vessel which was equipped to perform Ziegler-Natta 
polymerization reactions at pressures up to 2500 bar and temperatures up to 300° was used. The temperature of the 
cleaned reactor containing ethylene at tow pressure was equiffcrated at the desired reaction temperature of 160'. The 
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EXAMPLE 32 

|0081 J In this example, ethylene, propylene, and 1-butene were copdymerized in a hexane diluent by adding under a 
nitrogen atmosphere to a 11 stainless-steel reactor, previously Ibshed with nitrogen and containing 400 ml of dry. oxy- 
gen-free hexane. 50 m) of a toluene solution containing 19mgd bisfcyctopenladierryOhalnium dimethyl and 15 mg of 
Ur(r>^ammonium tetakisfpen1afluorC>pheny1)boron. 1-butene (50 ml) and propylene (25 rri) were added to the 
autodave. which was further pressurized with 60 psig of ethylene. The autoclave was stined at 50* tor 45 minutes, then 
cooled and vented. The contents were dried under a stream ol air. The yield of isolated ter polymer was 17.9 g. The 
weight-average molecular weight of the polymer was 188.000 and the molecular weight distribution was 1.89. Analysis 
by 13 C NMR spectroscopy indicated that the polymer contained 62.9 mole% ethylene. 25.8 mole% propylene, and 1 1 .3 
mole% butene. 

EXAMPLE 33 

[0082] In this example, ethylene, propylene, and 1.4-hexadiene were ccpolymerized in a hexane diluent by adding 
under a nitrogen atmosphere to a 1 L stainless-steel autodave, previously flushed with nitrogen and containing 400 ml 
of dry. oxygen-free hexane. first 100 ml of freshly -distilled 1,4-hexadiene, then 50 ml of a catalyst solution containing 72 
mg of bts(cyclorjentadienyl)hafnium dimethyl and 16 mg N.KWimethylanninrum tetraWs<perfluorophenyl)boroa Propyl- 
ene (50 ml) was added to the autoclave, which was further pressurized with 90 psig of ethylene. The autoclave was 
stined at 50 w for 10 minutes, then cooled and vented. The contents were dried under a stream of air. The yield of iso- 
lated terpofymer was 30.7 g. The weight-average molecular weight of the polymer was 191.000 and the molecular 
weight distribution was 1 .61. Analysis by "C NMR spectroscopy indicated that the polymer contained 70.5 mde% eth- 
ylene. 24.8 mo)e% propylene, and 4.7 moJe% 1.4-hexadiene 

EXAMPLE 34 

[0083] In this example, ethylene and 1 -hexene were ccpolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autodave, previously flushed with nitrogen and containing 400 ml of dry. oxygen- 
tree hexane, first 30 ml of toluene solution containing 1 5 mg of bis(cy dopentadi enyl)hatruum dimethyl, then, after 5 min- 
utes. 100 ml of alumina-filtered and degassed 1 -hexene and then 50 ml of a toluene solution containing 12 mg of 
bis(cydopentadienyf) hafnium dimethyl and 30 mg of fri{n-c*/ryl)ammorium tetraWs^ma1luoropherTyl)boron. The auto- 
dave was pressurized with 65 psig of ethylene, stined and heated at 50* for 1 hour, then cooled and vented. The con- 
tents were dried m a vacuum oven. The yield ol isolated copolymer was 54.7 g. The copolymer, which was 46 wt% 
ethylene, had a weight-average molecular weight ol 138.000 and a molecular weight distribution c4 3.08. Analysis by 
13 C NMR spectroscopy indicated a reactivity ratio (r^ of 0262. 

EXAMPLE 35 

[0084] In this example, propylene was polymerized in a hexane diluent by adding under a nitrogen atmosphere to a 
1 L stainless-steel autoclave, previously flushed with nitrogen and containing 200 ml of dry. oxygen-free hexane. 50 ml 
ol a toluene solution containing 72 mg of brs(cydcpent ad ^hafnium dimethyl and 22 mg of N.N-dimethylanilintum 
tetralds(pentafluc<ci)henyt)boron. Propylene (200 ml) was added and the autoclave was stirred at 40* for 65 minutes. 
The autodave was cooled and vented and the contents dried in a vacuum oven. The yield of atactic polypropylene was 
37.7 g. The weight-average molecutar weight of this polymer was 92.000 and the molecular weight distribution was 
1.54. 

EXAMPIE.,36 

[0085] tn this experiment, propylene was polymerized in bulk propylene by adding under a nitrogen atmosphere to a 
1 L stainless-steel autodave. previously flushed with nitrogen, 50 ml of a toluene solution containing 77 mg of 
^cydopentadienyOhafnium drmethyf-and^a mg<*N,^^ Prbpyt~ 
ene (400 mf) was added and the autodave stirred at 40* for 90 minutes The autodave was cooled and vented and the 
contents dried in a vacuum oven. The yield of atactic polypropylene isolated was 58.7 g. The weight-average molecular 
weight of this polymer was 191 .000 and the molecular weight distribution was 1 .60. 

EXAMPLE 37 

[0086] In this example, propylene was polymerized in bulk propylene by washing 72 mg of bis(cydcpentac5enyl)haf • 
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„iumdirne1hy1ar*22mgcW^^ 

odiously flushed wih ritrogen. with 500 ml of propylene. The autoclave was simed at 40- tor 90 routes and at 50 
tor another 30 minutes, then cooled and vented. 2.3 g ot atadic polypropylene were isolated. 

5 EXAMPLEIS 

,00871 h this example, ethylene was polymerized by reacting 55 mg ot bisflrimethytsty^ 
SU Si SSTn wZel^um tet R *is(pen.afluo.< V henyt toron in 5 ml of Wuene t. » 
S*pSS to 15 sec**s. pc4yma tormri as - 

,o Z^MM dnutedwith acetone, littered, washed, and dried. The yield ot polyethylene was 0.26 g. 

FXAMPLE 39 

I0088) in this example, propylene was polymerized in bulk propylene by adding under a *°9en a Were to a 1 
Sess^el^e ^c«s.y Hushed with nftccen. 25 rrt ol a toluene solution oonta.nng 10 mg ol ss^meth- 
S SSSS Lthy. It 5 mg of N.N^melhytenlnium te^fpen^ophen^on. Pr^e 
Mb n5 was added art the autoclave stirred at 40- to 4.5 hour* The autodave was ccotod **^?J^**«* 
S old ina vacuumcven.The yield offeolac* rxlypropylene isolate ^J^T^Z^St 
w^ht crl this polymer was 555.000 art tf»e molecular weight distrfoufon was 1.86. The polymer had a meltmg pont ot 
139-C. Analysis by ,3 C NMR spectroscopy indicated thai the polymer was about 95% eolacto. 

P IMPLE 40 

100891 tnthfeexarrple anactiveethyler* polymerized M ^ 

jSJn SSLruor^enyton and 17 mg ot ^^^1^^^^ 
mni nt toluene in a seoturtKapped round bottomed flask. Passage ol ethylene through the solution to 30 seconds 
^S^XZ as pdyme. plated The flask ~>s opened and the ^ *.ed w* ace- 
^7poW was «e.ed ofl. washed vrith acetone, and dried itLyaafi. The yield ol porymer stated was 0.15 g. 



15 



30 EXAMPLE 41 



100901 In this example, an active ethylene polymerization catalyst was prepared by ^rtlji rr« oil 
EJtopenl^ and 80 mg ot N.N^me.hylaniim,um le»ent8l^orop^ 

5£fa» rial toluene in a serum-capped round*ottomed tbsk. The sotulion darkened when ethylene was 

ofl. washed with ethanol. and dried. The yield of polyethylene isolated was 051 g. 

EXAMPLE 42 

■00911 In this example, an active ethylene polymerization catalyst was prepared by suspending 29 mg ol 

X^enyt)bo.on ft. 25 at ol toluene in a serurrvcapped ,<*md*rttomed fla* On pass-ng «^*"**» 
2p*L formed afmost instantly. After 5 rr.nu.es. the flask was opened and the contorts dButed wrth ethane.. 
^mSmrZ litered oH. washed wim acetone, art dried. The yield ol polyethylene rsola.ed was 0.49 g. 

pX AMPLE 43 

[00921 mtr^exarr^e.anarfveelhylenepdymerizatjoncateryslwK 
toluene in a 6enim<^ 



55 



cipitated. After 5 minutes the bottle was opened ano me comena u.. w «« ™ . , 
OH. washed with ethanol. and dried. The yield ol polymer isolated was 1.06 9. 

EXAMPLE 44 

[0093] in this e>an*e. ethylene was porymerizcd by reacting 20 mg oi ^^^^^^^ 
ydoitane and 39 mg of N.N^rr^yteruT.nium tetrakfetpemaftuorophenyn^ . 20 rri d ^^^Z 
capped rourxJ^ottomed flask On passing ethylene through the solution, polymer preop.ta.ed as the solutoon grew 
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warm. After 1 minute, the flask was opened and the contents diluted with ethanol. The polymer was filtered oft. washed 
with ethanol. and dried. The yietd of polyethyien isolated was 0.263 g. 

EXMPIE45 

[0094] In this example, ethylene was polymerized by reading 21 mg of bis(cyclcoentadierTyOhafniu^ 
1,3 -butadiene) and 41 mg of frifn-butytyarnrnonhjm te1raKis{penta1luOfophenyi)boron in 50 m) of tofuen in a serum- 
capped bottle. On passing ethylene through the solution, polymer precipitated within seconds. After 10 minutes, the bot- 
tle was opened and the contents dfluted with ethanol. The solid polymer was filtered off. washed with acetone, and 
dried. The yield of polyethylene isolated was 0.93 g. 

EXAMPLE 46 

[0095] fn this example, elhytene was porymerized by reacting 53 mg of (perrtamethytcydcpertadi 
clopentaderiytmetrTytene)hafnhjm benzyl and 75 mg of N,N-tfimethytanflinium tetra)QS(pemailuorc)chervl)bofon in 50 
rrt of toluene in a serum-capped bottle. Ethylene was passed through the solution for 10 minutes. The bottle was 
opened and the contents diluted with ethanol. The polymer was tittered off. washed with acetone, and dried. The yield 
of polyethylene isolated was 0.65 g. 

(0096) . While the present invention has been described and illustrated by reference to particular embodiments thereof, 
it will be appreciated by those of ordinary sMO in the art that the same lends itseff to variations not necessarily illustrated 
herein. For this reason, then, reference should be made solely to the appended claims tor purposes of deter mming the 
true scope of the present invention. 

Claims 

1. A process tor the preparation of a polymeric product by polymerising a-olefins. rJolefins and/or acetytenicatly 
unsaturated monomers with a catalyst consisting of an ton pair comprising an anion of the genera) formula 
[BAr^XaXJ wherein: 

B is boron in a valence state of 3; 

to } and Ar 2 are the same or Afferent aromatic or substituted aromatic hydrocarbon radicafs containing from 6 
to 20 carbon atoms, optionally linked to each other through a stable bridging group, wherein at least one of Ar t 
and Ar 2 is a ftuoro- or J luorohydrocarbyf-substituted. naphthyl or anthracenyt radical; and 
X 3 and X< are radicafs selected, independently, from hydride radicals, hatide radicals, with the proviso that only 
X 3 or X4 will be halide at the same time, hydrocarbyl radicals containing from 1 to 20 carbon atoms, substituted 
hydrocarbyl radicals, wherein one or more of the hydrogen atoms is replaced by a halogen atom, containing 
from 1 to 20 carbon atoms, hydrocarbyf-substrtuted metaJ (organometaRoid) radicals wherein each hydrocarbyl 
substitution contains from 1 to 20 carbon atoms and said metal is Group IV- A of the Periodic Table of Elements. 

2. A process according to claim 1 . in which the eon pair consists of the anion and a Group IV metal cation with a formal 
coordination number of 3 and a valence of 44. 

3. A process according to claim 2, in which the cation is a b^cyclcpentadienyl) group NB metal cation. 

4. A process according to claim 3. in which the cation is of the general formula: 

[(A-CpJMXOorKA-CpJMX^J 
wherein M is titanium, zirconium or hafnium; 

(A-Q)) is either (Cp )(Cp*) or Cp-A^Cp!,anciCp,and, Cplare the^ame^^ihejert^ubstitute^tf unsubstituted 
cydopentadienyl radicals; 
A' is a covalent bridging group; 

X, is selected from hydride radicals, hydrocarbyl radicate, sutettuted -hydrocarbyl radicals or organometalloid 
radicals: 

L'rsa neutral Lewis base. 

5. A process accortfng to any of the preceding claims, in which Ar,. Ar ? , X 3 and X< a/e each the same or (fitter em 
ftuoro- or fluomr^ccamyt-substituted, naphthyl or anthracenyt radicals. 
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6. A process aocorcfing to any of the preceding claims, in which Ar,, Ar 2 , X 3 and X4 are each the same or different 
lluoro-substituted naphthyl radicals. 

7. A process according to claim 6. in which A^ . Ar?. X 3 and X< are each perlluorT) naphthyl raficals. 
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